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EFFECTS OF ADDITIONS ON THE AVAILABILITY OF 
SOIL POTASH AND THE PREPARATION OF 
SUGAR HUMUS. 
BY G. S. FRAPS, PH. D., CHEM~ST IN CHARGE; STATE CHEMIST. 
It has for a long time been claimed that lime, carbonate of lime, 
gypsum, salt, organic matter, and the gypsum carried by acid phos- 
. 
phate, render soil potash much more available to plants. This is largely 
based upon the fact that sulphate of l ine  and other neutral salts re- 
place the potash absorbed by soils and cause more of it to go into S O ~ U -  
tion. Although this fact is well established, the conclusion does not 
necessarily follow that plants take up more potash under such condi- 
tions. On the other hand, i t  is quite possible that absorbed potash 
map be equally as available to plants, as that driven out of the com- 
pounds by neutral salts. It is of course likewise possifile that various 
salts or substances may assist in  the weathering of difficultly soluble 
silicates, and thereby assist potash in becoming a,vailable. 
I n  considering this matter, me must nake  a distinction between the 
active potash of the soil, which is taken up  by plants easily, and the 
insolnble potash, which is not easily taken up by plants. The avail- 
ability of the active potash may be little affected, when the insoluble 
potash inay he aflected to some extent. 
.As an example of the claims made, Huston (International Congress 
of Applied Chemistry, 1912, 15, 139) claims that nitrate of soda m d  
the gTpsnm in acid phosphate may release enough potash to supply the 
necd~ of the crop. The soda in  100 pounds nitrate of soda, he says, 
is capable of releasing 55 pounds of potash from zeolites, and the 
gypsum in 100 pounds of ordinary acid phosphate is capable of releas- 
ing 18 pounds of potash. 'If an application of 600 pounds of nitrate 
of soda and 300 pounds of acid phosphate per acre is made, "Expressed 
in terms of sulphate of potash, this is equivalent to the application of 
768 pounds sulphate per acre; while the assumed crop only requires 
120  pound^. It is not surprising that where these materials are used 
in experimenting there should be very frequent instances where the plot 
with nitrogen and phosphoric acid should give quite as good yields as 
those receiving a11 three elements, for the plot without potash has re- 
ceived material capable of releasing more than six times as much potash 
as the assumed crop requires." 
This quot~tion is made for the purpose of showing the great claims 
made for the action of additions to the soil on the availability of its 
potash. 
METHOD OF WORK. 
The experiments here described mere undertaken for the purpose of 
stndpin<g the effect of carbonate of lime, vegetable matter, and other 
substances upon the quantity of potash taken up by plants in pot ex- 
periments. The experiments xere conducted in  several series. 
First Series. 
Only one soil, No. 1290, was used in this series. The following 
additions were made to 5 kilogram pots : Sawdust (Saw), 25 grams; 
sugar humus (H), No. 1355, 20 grams. Precipitated chalk, calcium 
carbonate (VCa), 25 grams; corn cobs (Cobs), 25 grams. These addi- 
tions, except the humus, were made at the rate of 5000 parts per mil- 
lion, or five tons to the acre, on a basis of two million pounds. 
Pcirsf Crop, Cotton.-One gram amn~onium nitrate and 2.5 grams 
acid phosphate were added and 5 cotton seed, weighing 0.6-0.7 grams, 
planted J u n e  2, 1908, harvested September 1. 
Second Crop, Corn.--One gram ammonium nitrate and 2.5 grams 
acid phosphate were added and 5 grains corn weighing 1.8-1.9 grams, 
planted March 10, 1909, harvested June 9, 1909. 
For results of this series, see Table 1. The results will be discussed : 
in connection with the other series. 
Second Series. 
This series mas begun i n  1909 on two soils, and eight crops were 
grown in three years. Five thousand grams of soil were used. At the . 
beginning of the experiment, besides the phosphoric acid and nitrogen 
mentioned below, the following additions were made: carbonate of lime 
(Ca) (precipitated chalk), 5.0 grams = 0.1% of the soil or 1000 parts 
per million; carbonate of lime (XCa), 50 gramsf 1% of the soil, or 
10,000 parts per million; sulphate of lime (S), 5 grams ; sulphate of 
lime (XS), 25 grams; sulphate of soda (Na), 5 grams; sulphate of 
soda (2Na), 10 grams; sugar humus (H), 5 grams; and sugar humus 
(VH), 25 grams. 
f i r s t  Crop, Corn.-One gram ammonium nitrate and 2.5 grams acid 
phosphate were added to all pots, and 5 grains corn weighing 2.0-2.1 
grams were planted in  each pot March 30. Crops were harvested June 
18, dried, weighed as usual, and acalyzed. 
decond Crop, Sorghum.-One gram sorghum seed, planted June 21, 
harvested September 13  ; no additions made. 
Third Crop, Comb.-One gram ammonium nitrate and 2.5 grams acid 
phosphate were added, and 5 grains corn weighing 1.3-1.4 grams were 
planted April 5 ; one gram ammonium nitrate added May 11 ; harvested 
June 17, 1910. 
Pourth Crop, 8orgh~n.-One gram ammonium nitrate and 2.5 grams 
acid phosphate were added, and 1 gram sorghum planted June 21, 1910. 
Harvested August 22, 1910. 
Fif'tTi, Crop, Oats.-One gram ammonium nitrate and 2 grams acid 
phosphate added and 1 gram oats planted October 13. Plants were 
killed by frost before any decided growth was made, and were harvested 
January5,1911. 
Sixth Crop, Corn.-One gram ammonium nitrate and 2 grams acid 
phosphate were added and 5 grains corn weighing 2.0-2.1 grams were 
planted March 22, 1911. Harvested June 19. 
Seventh Crop, Sorghum.-One gram ammonium nitrate added, and 
1 gram sorghum planted June 26, 1911. The plants did very poorly 
on soil 1956. Harvested September 15, 1911. 
Ifig71,fh Crop, Corn.-One gram ammonium nitrate and 2 grams acid 
phosphate added, and 5 grains corn neighing 1.7-1.8 grams planted 
April 3. Harvested June 20, 1912. The experiment was then dis- 
continued, and all the soils prepared for analysis. 
The results are presented in  Tables 7 and 8, and summarized in 
Table 3. The results nil1 be discussed in connection with the other 
series. 
.Third Series. 
I n  this and s'ubsequent series, dicalcium phosphate containing about 
36 per cent. citrate-soluble phosphoric acid was used as  a source of 
phosphoric acid instead. of acid phosphate, on account of the objection, 
due to the gypsum carried in the latter, raised by Huston. The quan- 







The pots were filled to the same depth. The difference in  the weight 
is due to the difference in the density of the soils. Additions were 
made as follows: Carbonate .of lime as precipitated chalk (Ca) 8 
grams, or a little over 1000 parts per million; carbonate of lime (2Ca), 
16 grams; sulphate of lime (CaS) 4 grains, or a little over 500 parts 
per million; manure, sheep excrement 4263 (M), 8 kams .  This 
man1u;e contained 3.97 per cent. lime, 1.36 per cent. ma_guesia, 1.07 
per cent. phosphoric acid and 0.22 per cent. potash, and was derived 
from peanut hay. 
First Crop, Corn.-Additions, 1 gram TcT (ammonium nitrate), 1 gram 
D (dicalcinm phosphate). Planted corn, 5 grains, 1.6-1.7 grams, May 
5, harvested July 7 to 14, 1911. 
Recond Crop, Sorgh,zcm.-,4dditions, 1 gram N. Planted 1 gram 
sorghum July  25, harvested September 23 to October 7, 1911. 
Third Crop, Corn.-Additions, 1 gram N, 1 gram D. Planted 5 
grains corn, weighing 1.7-1.8 grams, April 3, harvested June 25 to 
July 10, 1912. Soil 2353 discontinued. 
3 '0~7 th  Crop, 80rghl~m.-Added 1 gram N. Planted 1 gram sorghum 
July 2, 1914, llarvested August 20, 1914. 
Fifth Crop, Corn.--Addecl 1 gram N, 1 gram D. Planted 5 grains 
corn, weighing 2.0-2.1 gram April 10, harvested June 24, 1914. Dis- 
. .  - 
continued. 
Fourth Series. 
Two soils (2349 and 4601) were used in this series. The additions 
to pot: weighing 7700 grams were: manure 4559 (M) 10 grams, or 
1300 parts per million; precipitated carbonate of lime (Ca) 3.0 grams, 
or 400 phrts Fer million; 2Ca 6.0 grams; sulphate of lime (CaS) 
1 grams; 2CaS 6.0 grams; carbonate of magnesia (Mg) 3.0 grams; 
2Mg, 6.0 grams; D, 1 gram dicalcium phosphate; N, 1 gram am- 
monium nitrate. 
Manure 4559 contained 0.63 per cent. lime, 0.26 per cent. magnesia, 
0.42 per cent. phosphoric acid and 0.50 per cent. potash, and was de- 
rived from corn shucks. 
One gram each ammoniam nitrate and dicalcium phosphate were 
added to the first crop, sorghum; the third crop, corn, and the fifth 
crop, corn. To the other crops, 1 gram ainmoni~~m nitrate alone was 
added. 
DESCRIPTION AND COMPOSITION OF SOILS. 
12,90. Korfolk Sand. Palestine, Texas, farm of Latimer and Ezell, 
Anderson County. 
1SOS.-Soil from A. and M. College farm, Brazos County, depth not 
given; bottom land. 
1956.-Sand from E. J. Kyle's farm between College Station and 
Bryan, Brazos County. 
2353.-Norfolk Fine Sand Subsoil, depth '7-22 inches, 14 miles south 
of 14t. Pleasant, T i tm County, mile southwest of Red Springs, farril 
of Mary Mays; good soil, rolling; light brown subsoil, good drainage. 
4579.-Brow Mesquite Soil, depth 0-8 inche~, 13 miles south of 
Thornton; farm of Jno. B. Griffin, Limestone County, produces 25 
bushels corn, 4 bale of cotton. 
4583.-white Sand; depth 0-.13, 1 mile northeast of Detroit, Red 
River County, farm of C. C. Williams; good drainage, upland; pro- 
duces 20 bushels cola, + bale of cotton. 
4599.-Very poor upland, depth 0.8 inches, 1 mile north of Willis, 
Ilfontgomery County, farm ~f John Duke; produces 15 bushels corn or 
5 bale cotton; does not pack or dry into clods, does not crack on dry- 
ing, washes a little; no drainage except natural slope of the land; cul- 
tivated 18 years, represents 20 acres on farm, manure used, no in- 
crease notickd, very jew full crops grown. 
4642.-Moderate upland, depth 0-5 inches, 13 miles south of depot, 
Troup; Smith County, farm of J. M. Slagle; gray sandy land, level, 
good results on corn and cotton; native vegetation; drains n-ell in wet 
seasons and stands drought very well; does not packlmuch or wash; 
cultivated 20 years; represents 100 acres on farm; no green crops; 4 
loads of manure used with good results. 
4649.-Subsoil to very poor upland (4648), depth 6-16 inches; 1 
mile west of Woodville, farm of Frank Barber, Tyler County; white- 
sandy soil. 
4601.-Poor upland, depth 0-8' inches, 4 mile southeast of Jackson- 
ville, Cherokee County; farm of Henry Pearce; red clay soil; corn, 
cotton, and tomatoes grown; fertilizer increased cotton yield from 
4 to ij bale cotton per acre (i. e., 3 bale increase), packs; dries 
into clods; cracks and washes a little; cultivated 25 years; represents 
50 acres of farm; no green crops turned under; 1 load manure per 
- .  
acre gave good increase. 
2349.-Norfolk White Sandy Loam subsoil, depth 11-21 inches, 5 
miles southeast of Mt. Pleasant, Titus County; farm of S. Dangerfield; 
light brown loam. 
Percent- 
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Soil I Sand 
. . . . . . . . . . . . . . . . . . . . .  Phosphoric Acia.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Nitrogen. 
Pptash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Magnesia. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  . Alumina and Oxide of Iron. 
. . . . . . . . . . .  Insoluble and Soluble Silica.. 
Loss on Ignition.. . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Moisture 
Parts Per Million- 
Active Phosphoric Acid.. . . . . . . . . . . . . . .  
Active Potash.. . . . . . . . . . . . . . . . . . . . . . . .  
Acidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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1.48 
44.4 . . . . . . . .  27.26 181:02 26.52 136.9 
EFFECTS OF THE ADDITIONS ON THE POTASH TAKEN UP. 
The general results of the experiment may be seen by referring to 
Tables 2, 3, 4, 5, and 6. The potash is expressed in the terms of bushels 
corn per acre, assuming that one bushel corn requires for stalk, leaves, 
and grain, one pound of potash, and a soil depth equal to two million 
pounds. Thus one part per million of potash is equal to two bushels 
eorn, and .0025 grams from a pot of 5000 grams is equal to one bushel 
corn. 
With the soil No. 1290, Table 2, the organic matter and the carbo- 
nate of lime are shown to  cause an increase i n  the crop, and in  the 
quantity of the potash taken up, the increased quantity of potash be- 
ing 20 per cent. with thel cobs, and 10 per cent. with the carbonate of 
lime. There is an increase in the crop with the sawdust, but no cor- 
responding increase i n  the potash taken LIP. 
With .Soil No. 1809 (Table 3), none of the additions have any cer- 
tain effect upon the increase. With Soil No. 1956, there is a small 
increase, due to the carbonate of lime, both in the quantity of potash 
(4 to 1.0 per cent.) and in the size of the crop. Sulphate of soda and 
the sulphate of lime in several cases caused a decrease in the size of 
the crop. 
TABLE 2.-WEIGHT O F  CROP A N D  POTASH TAKEN UP FROM SOIL 1290--SERIES 1. 
Weight of Crop. Grams of Potash. Gain of 
Gain 
Potash removed per crop. . . . . . . I  . . . . .... I . . . . . . . .  I . .  
TABLE 3 . AVERAGE GAINS DUE TO ADDITION . 
Addition 
Dry matter 
of crops . 
Carbonate of Lime . . . . . . . . . . . . . . .  
XCarbonate of Llnle . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  Sulphate of Lime 
. . . . . . . . . . . . . . .  XSulphate of Lime 
................. Sulphate of Soda 
............... XSulphate of Soda 
Humus .......................... 
........................ VHumus 
Carbonate of Lime and Humus ..... 
Carbonate of Lime and VHumus ... 
Potash in 
grams . 
Total weight with no addition ...... 1 184.21 92.21 1 . 59841 0.6341 1 80 1 42 
Potash in bu . 
Corn per crop . 
8 crops 1 6 crops I 
1809 1956 1808 1 1956 
TABLE 5 . GAIN DUE TO ADDITION-FOURTH SERIES . 
TABLE 4 . GAINS DUE TO ADDITION-THIRD SERIES . 
I I Gain in potash. bu . corn per acre . 
Total gain in dry matter-gms . per crop . 
Additit 
353 4579 
Laboratory Number . 
TABLE 6 . PERCENTAGE GAINS OF POTASH DUE TO 
ORGANIC MATTER . 
4583 4599 
. 
Ca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2Ca . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CaS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2CaS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  















............ I I I 1  4642 4649 2353 
Total gain in Dry 
Matter . Gms . 











OF LIME OR 
4579 
Gain in Potash in bu . 
corn per acre per crop . 
4601 1 2349 
4583 4642 4599 
Ca . . . . . . . . . . . . . .  
2Ca . . . . . . . . . . . . . . . .  
CaS . . . . . . . . . . . . .  
M ..., . . . . . . . . . . .  
MCa .................. 
Laboratory Number . 
1290 ...................................................... 
1809 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1956 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2353 ....................................................... 
4579 ...................................................... 
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sni l  
JYith soils 4579 and 4599, given in Table 4, there is no increase in  
any of the crops with any of the additions. I n  the other soils, there 
are small increases due both to the carbonate of lime and to the manure. 
The sulphate of lime caused no increase in  any case. With reference 
to the manure, i t  must be remembered that it carries some plant food 
with it, including a small amount of potash. 
I n  Table 5, i t  is geeen that the sulphate of lime has no effect, and 
the carbonate of lime affects one soil but not the other. 
Table 6 is the summary table and shows the percentage gains of - 
potash, either with carbonate of lime or a i th  manure in  per cent. of 
the potash removed in all the soils tested. With carbonate of lime, 
there was no gain with four soils, gains of less than 6 per cent. with 
three soils, and gains of more than 10 per cent. with four soils. The 
gains of 6 per cent. or less are left out of consideration, as they are 
too small to be of significance. Thus there is a gain in  the amount of 
potash taken up by the crops in four of the eleven soils, or about 33 
ce11-t. of the number of soil. The average gain with all the soils 
I to carbonate of lime is 6 per cent. 
n the case of manure, cobs, or humus, there is no gain with one 
..,.. and @ins of less than 7 per cent. with five soils. There are gains 
of 9 per cent. or over with five soils, or about 45 per cent. of the soils 
wed. The average gain cf 'potash is 13 per cent. There are greater 
gains with the manure than with the carbonate of lime. 
TABLE 7. WEIGHT OF CROPS IN GRAMS, SOIL 1809. 
TABLE 8. WEIGHT OF CROPS IN GRAMS, SOIL 1956. 
I Corn I I I Gain 
1911 Total Average over 0 
1-0. . . . . . . . . . . . . . . . 
2-0. . . . . . . . . . . . . . . . 
3-Ca. . . . . . . . . . . . . . 
4-Ca. . . . . . . . . . . . . . . 
5-XCa. . . . . . . . . . . . . 
6-XCa. . . . . . . . . . . . . 
7-S ................ 
'8-S ................ 
9-XS . . . . . . . . . . . . . . 
lo-XS . . . . . . . . . . . . . . 
11-Na. . . . . . . . . . . . . . 
12-Na . . . . . . . . . . . . . . 
13-2 Na.. . . . . . . . . . . . 
14-2 Na.. . . . . . . . . . . . 
15-H . . . . . . . . . . . . . . . 
16-H . . . . . . . . . . . . . . . 
17-VH. . . . . . . . . . . . . . 
1 &VH. . . . . . . . . . . . . . 
19-CaH. . . . . . . . . . . . . 
20-CaH. . . . . . . . . . . . . 
21-XCaVH. . . . . . . . . . 
"2-XCaVH. . . . . . . . . . 
TABLE 9. WEIGHT OF CROPS IN GRAMS, SOIL 2353. 
TABLE 10. WEIGHT OF CROPS PER POT, SOIL 4579. 
Gain 
over 0. 




















. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
















































2-0 .... . . . . . . . . 
3-Ca .... . . . . . . . 
4-Ca ........... 
K-2Ca ......... 
-CaS.. . . . . . . . 
-M ........... 
- M . . . . . . . . . . .  


















7-M.. . . . . . . . . . 
8-M ........... 
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TABLE 12. WEIGHT O F  CROPS, SOIL 4599. 
-- - .. 
Additic 
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0 
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11-MCa .... . . . . 
12-MCa ........ 
Period of 
ernwth.. . . . . . 






. . . . . . . . 
0 
0 
. . . . . . . . 
19.6 
. . . . . . . . 
15.5 
. . . . . . . . 






















































































4-Ca ... . . . . . . . 
5-2Ca . . . . . . . .  
6-2Ca . . . . . . . .  
7-CaS . . . . . . . .  
8-CaS.. . . . . . . 
9-M .......... 
10-M .......... 
11-CaM ... . . . . . 



















3-2Ca. . . . . . . . . . . . . . . . . . . . . . . . . .  
4-CaS . . . . . . . . . . . . . . . . . . . . . . . . . .  
5-2CaS.. . . . . . . . . . . . . . . . . . . . . . . . 










1-0 .... . ...... 
2-Ca .......... 






10-MgCa.. .. . . . 
11-CaS ........ 


































































. . . . . . . . 
134.7 
... i6 : C, 



























































































































































TABLE 16. WEIGHT OF CROPS IN GRAMS, SOIL 2349. 
TABLE 17. PERCENTAGE OF POTASH I N  CROPS GROWN ON SOIL 1809. 
Our conclusion from this experiment is, that while carbonate of 
lime or manure may aid in  rendering a portion of the insoluble potash 
of the soil available to plants, they have little or no effect upon the 
active potash by driving i t  out of solution or causing it to go into the 
plants more easily, as has hitherto been assumecl. If the potash were 
driven out, we should expect the sulphate of lime to be as equally 
effective as the carbonate of lime, or more so. As a matter of fact, 
the sulphate of lime increased the quantity of potash taken up by the 
plants in  only a very few cases.. The effect of the carbonate of lime 
and also of the organic matter is, therefore, probably to render the soil 
conditions more favorable to the growth of plants, thereby increasing 
the general growth and the quantity of potash naturally taken up, 
though it may also affect the quantity taken from the silicates. This 
is quite different from the generally assumed action of driving fixed 
potash from solution and causing i t  to be more readily taken up. With 
all, except soils 1290, 1809, and 1956, dicalcium phosphate was used as 
a source of phosphoric acid to avoid the introduction of sulphate of 
lime with the acid phosphate. It has been claimed by Huston that 
this would affect the results, but these experiments do not justify such 
claims. 
Tables 17-26 show the percentages of potash in  the various crops 
harvested. The effect of the additions is sometimes to increase the 
percentages of potash and sometimes to decrease the percentages. An 
increase in the percentage of potash is very often accompanied by a 
decrease in the size of the crop. For example, crops grown on Soil 
No. 1956, Pots 13-14, contain higher percentages of potash than the 
cropsto which no additions were made, but the size of the crop is 
smaller where the percentage of potash is larger. The same relations 
can be shown in other soils. For example, with Soil No. 4583, the  
application of carbonate of lime decreased the size of the crop from 
about 44 to about 32 grams, but it increased the potash from about .'70 
to about .92 per cent. Thus the decrease in  the size of the crop is- 
accompanied by an increase in  the percentage of potash in the plant.. 
Soil hTo. 4599 shows this in a very decisive way with the application, 
of carbonate of lime, the yield of crop being about 27 grams with ear-- 
bonate of lime and 43 grams without it, and the percentages of potash 
being about 2.30 with carbonate of lime and 1.41 without it. The 
quantity of potash taken up is slightly larger where the carbonate of 
lime was added than without it, although the size of the crop is re- 
duced more. At the end of the series, however, there is practically no. 
difference in the amount of potash taken up by the crops without car- 
bonate of lime and that taken up by the crops with carbonate of lime, 
on this particular soil. 
TABLE 19 . PER CENT POTASH IN CROPS ON SOIL 2353 . 
TABLE 20 . PER CENT POTASH IN CROPS ON SOIL 4579 















1-0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2-Ca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3-CaS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  














5-2 Ca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6-CaS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  




















5-2 Ca ........................ 





























































. . .  76 
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-35 
. 57 . 
.55 
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TABLE 23 . PERICENT POTASH IN CROPS IN SOIL 4642 . 
TABLE 24 . PER CENT POTASH IN CROPS ON SOIL 4649 . 
Add!tions 
1-0 . . . . . . . . . . . . . . . . . . . . . . . . . .  
2-0 . . . . . . . . . . . . . . . . . . . . . . . . . .  
3-Ca . . . . . . . . . . . . . . . . . . . . . . . . .  
4-Ca . . . . . . . . . . . . . . . . . . . . . . . . .  
5-2Ca . . . . . . . . . . . . . . . . . . . . . . . .  
6-2 Ca . . . . . . . . . . . . . . . . . . . . . . . .  
7-CaS . . . . . . . . . . . . . . . . . . . . . . . .  




12-CaM . . . . . . . . . . . . . . . . . . . . . . .  














































































































3-2 Ca ........................ 
4 M g  ......................... 
5-2Mg . . . . . . . . . . . . . . . . . . . . . . .  
6-M . ........................... 
7-M .......................... 




12-2 CaS . . . . . . . . . . . . . . . . . . . . . . .  
The percentages of potash in the crops are also found to decrease 
with each successive crop grown . Thus. in Soil No . 4599. the per- 































































1.0 ............... : 
2-C a ................ 
3-2 Ca .............. 
4-CaS. ............. 

















































































last crop, both of them'being corn, is 0.35. The same general tend- 
ency is manifest in all the crops, there being a high percentage in the 
first crop and a low percentage in  the last. The first crops evidently 
took up an excess of potash, when the amount of active potash in the 
soil was larger. As the quantity of active potash decreased, the per- 
centage of potash taken up by the plant also decreased. We have 
pointed out t h i ~  fact in other publications. The percentage of potash 
in  the crops can in fact be taken to represent very roughly the defi- 
ciency of the soil in potash, provided the crop is a normal crop and 
is grown under normal conditions. The relation between the active 
potash of the soil and the potash content of the crop is brought out in 
Table 37. The relation holds only in a general way, since with the 
, same quantity of active potash in the soil any influence which reduces 
the size of the crop may increase the percentage of potash in it. 
TABLE 27. GRAMS POTASH TAKEN UP BY CROPS, SOIL 1809. 










10-xs. . . . . . . . . . . .  
11-Na. . . . . . . . . . . .  
12-Na. . . . . . . . . . . .  
13-2Na. .......... 



































. . .  :06i 
. . . . . . . .  
.I493 
'0 '  
. . . . . .  
0'  
...... 
0 '  
. . . . .  
-0 .  
... :02j2 
...... 0. 






. . . . . . . . . . . .  
. . . . . . . . . . . .  
1.5995 
. . . . . . . . .  
1.5437 
. . . . . . . .  
1.7099 
. . . . . .  
1.5772 






































. . .  '0 '  
.0184 


















































-0.. . . . . . . . . .  
L-0 ........... 
3-Ca.. . . . . . . . .  
4-Ca.. . . . . . . . . .  
5-XCa. ....... 
6-XCa. . . . . . . .  
7-S . . . . . . . . . . .  
8-S . . . . . . . .  
9-xs .......... 
10-xs. ........ 
1 1-Na . . . . . . . . .  
12-Na. ........ 
13-2Na. ....... 















































































































































. . .  
:0i63 
.0588 






































































































. . . .  jji 
... :j..34 
. . . . . . . . . . . . .  
.6138 
.... is+ 
. . .  
:s..i6 
... : 53..i 
. . . . . .  
.6613 
... :4jj4 
. . .  : ..8i 
........... 
.6873 
TABLE 29 . GRAMS POTASH FROM SOIL 2353 . 







TABLE 31 . GRAMS OF POTASH FROM SOIL 4583 . 
1-0 . . . . . . . . . . . . . . . . .  
2-C a ................. 
3-CaS. . . . . . . . . . . . . .  
























. . . . . . . . . . . . . . . . . . . . . . .  1-0 
. . . . . . . . . . . . . . . . . . . . . . .  2-0 
3-Ca . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  4.Ca 
5.2Ca . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  6-CaS 
. . . . . . . . . . . . . . . . . . . . . .  7-M 
8-M . . . . . . . . . . . . . . . . . . . . . .  




























. . . . . . . . . . . . . . . .  1-0 
. . . . . . . . . . . . . . . .  2-0 
. . . . . . . . . . . . . . .  3.Ca 
4.Ca . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  F2Ca 
7 as  . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  d 
/1 . . . . . . . . . . . . . . .  


























































































































. . . . . . . . . . . . . . . . . .  
. 0281 
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. . . . . .  






























. . . . . . . . . . . . . . . . . . . . .  1-0 
. . . . . . . . . . . . . . . . . . . . .  2-0 
. . . . . . . . . . . . . . . . . . . .  3-Ca 
4-Ca . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  5.2Ca 
. . . . . . . . . . . . . . . . . . .  6-2Ca 
7-CaS . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  8-CaS 
. . . . . . . . . . . . . . . . . . . . .  9-M 
. . . . . . . . . . . . . . . . . . . .  10-M 
. . . . . . . . . . . . . . . . . .  11-MCa 

















































over 0 . 
---- 
...... 
. . . . . . . . . . . .  
. 0016 
. . .  
' 0 '  
...... 
0 
. . . . . . . . . . . .  
0 
. . . . . . . . . . . .  
. 0149 
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TABLE 33 . GRAMS O F  POTASH FROM SOIL 4642 . 
*CaO also . 





5.2Ca . . . . . . . . . . . . . . . . . .  






































1.0 . . . . . . . . . . . . . . . . . . . . .  
2.Ca . . . . . . . . . . . . . . . . . . . .  
3.2Ca . . . . . . . . . . . . . . . . . . .  
4-.~.~, . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  
6-M . . . . . . . . . . . . . . . . . . . . .  
7-M2Ca . . . . . . . . . . . . . . . . .  





































































































































































2-Ca . . . . . . . . . . . . . . . . . . . .  
3.2Ca . . . . . . . . . . . . . . . . . .  
4.Mg . . . . . . . . . . . . . . . . . . . .  
5-2Mg . . . . . . . . . . . . . . . . . .  







... . . . . . . . . . . . . . .  
Gain 
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1-0 . . . . . . . . . . . .  
. . . . . . . . . . .  2.Ca 
3.2Ca . . . . . . . . .  
4.CaS . . . . . . . . . .  
5 . 2 ~ a ~  . . . . . . . .  
6.Mg . . . . . . . . . . .  
7.2Mg . . . . . . . . .  
8.Manure . . . . . . .  
Gain 
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TABLE 37. RELATION OF PERCENTAGE OF POTASH IN CROP TO ACTIVE POTASH ' 
OF SOIL. 
TABLE 38. ACTIVE POTASH IN SOIL AT END OF EXPERIMENT, AND REMOVED 
BY CROPS--PARTS PER MILLION OF SOIL. 
Active Potash 





























2353 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2349 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4601. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4599.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4579.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4642... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  





4583... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4601.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2349.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4642.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4599.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1956.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1809 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


























After the experiments were completed, the soils were brought to the. 
laboratory for analysis. The results of some ~f the analyses are given. 
in Tables 39-47. 
The effect of the additions did not increase the active potash of the 
soil, remaining after the crops were gathered. I n  the case of car- 
bcnate of lime, this is summarized in Table 38. I n  every case, the  
quantity of active potash remaining at the end of the experiment was 
practically the same with or without carbonate of lime, excepting in  




1956 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
$579 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2583. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



















































potash than the analysis would show . According to these results. the 
addition of carbonate of lime did not have any effect upon the quan- 
tity of active potash in the soil remaining at the end of the experi- 
ment . This is in  confirmation of what has previously been said; 
namely. that the addition of carbonate of lime had little effect upon 
ithe potash of the soil . 
TABLE 39 . LOSSES OF ACTIVE POTASH. PER MILLION OF SOIL 1290 . 
'TABLE 40 . LOSSES OF ACTIVE POTASH PER MILLION OF SOILS 1908 AND 1956 . 
Per cent lost 
by soil in per 








































9-XS:: : : : ::: : 
0-XS ......... 
l.Na . . . . . . . . .  
2.Na . . . . . . . . .  
3-2Na . . , . . . . .  







2 l . ~ a ~ ~ . ' . * :  : : : 
22.CaVH ...... 
Average ........ 
-.Original soil .... 














Additions to Original . 
1-0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2-0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3-Cobs . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-Cobs . . . . . . . . . . . . . . . . . . . . . . . . . .  
.-a . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(6-Ca . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7-Saw . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
'8-Saw . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9-H . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
'10-H . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
;11-HCa . . . . . . . . . . . . . . . . . . . . . . . . . .  
i 12-HCa. . . . . . . . . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . .  
Original soil . . . . . . . . . . . . . . . . .  



















































































































































. . . . . . . . . . . . . . . . . . . . . . . .  
Lost by 


















































































TEXAS AGRICULTURAL EXPERIMENT S ATION . 25 
TABLE 41 . LOSSES OF ACTIVE POTASH PER MILLION OF SOIL 4599 . 
Additions to original . 
1-0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49.4 
2-0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35.6 
3-Ca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44.5 
4-Ca .................................... 38.7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-2Ca 36.2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-2Ca 36.9 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-CaS 35.0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-CaS 37.5 
9-M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41.2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-M... 31.2 
11-MCa ................................. 33.1 
................................. 12-MCa 40.0 
............................ Average 38.3 
......................... Original- soil 136 
TABLE 42 . LOSSES OF ACTIVE POTASH PER MILLION OF SOIL 4583 . 
Parts per million . Lost by 
soil in O/o 
Additions to original . Removed . Loss by of that 
In soil . by crops . soil . removed . 
1-0 ...................................... 49.4 64 34 53 
2-0 ...................................... 49.9 59 36 61 
3-Ca ..................................... 42.0 71 41 58 
4-Ca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40.0 60 43 72 
5-2Ca ................................... 35.6 57 46 81 
6-CaS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62.2 57 2 1 37 
7-M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44.4 63 39 62 
8-M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41.3 63 42 67 
9-MCa .................................. 31.2 67 52 78 
Average ............................ 43.7 62 39 63 
......................... Original soil 83.0 
TABLE 43 . LOSSES OF ACTIVE POTASH PER MILLION OF SOIL 2349 . 
Additions to original . 
I Parts per milIion . 
Removed . Loss by I i n  soil . 1 by crops . [ soil . Los: by soil in % of that removed . 
Average ............................ 
......................... Original soil 1 5?iz 
TABLE 44 . LOSSES OF ACTIVE POTASH PER MILLION OF SOIL 4642 . 
- -  
TABLE 45 . LOSSES OF ACTIVE POTASH PER MILLION OF SOIL 4579 
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TABLE 46 . LOSSES OF ACTIVE POTASH PER MILLION OF SOIL 4601 . 
Removed . 
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Parts per million . 
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TABLE 47. LOSSES OF ACTIVE POTASH PER MILLION OF SOIL 4649. 
Parts per million. Lost by 
soil ~ n %  







I n  the experiments on Soils Nos. 1290, 1909, and 1956, the addi- 
tions of sugar humus have apparently increased the active potash of 
the soil. This occurs with two of the three experiments. I n  the case 
of manure, however, in a subsequent experiment, there is no relation to  
be traced between the addition of manure and the amount of active 
potash. That is to say, the active potash apparently was not affected 
by the addition of manure. 
-tudy of the tables brings out clearly the fact that carbonate of 
2, sulphate of lime, and similar additions, have no such effect upon 
quantity of potash removed by crops, as has been claimed by Hus- 
for example. 
i n  Tables 39-47, inclusive, we have included the quantity of active ' 
pot~sh in the soil a t  the end of the experiment, the quantity lost by 
the soil during the experiment, and the quantity removed by the crop. 
All this is stated in  parts per million of the soil. 
The quantities removed by the crops are, with only one or two ex- 
ceptions, larger than those lost by the soil. Wfe have expressed this 
relation in per cent. of the quantity taken up by the crop. Thus, with 
no addition, Soil No. 1290 contained 57 parts per million at the end 
of the experiment, and as the original content was 90, the quantity 
lost by the soil was 33. The crop, however, took up 49 parts per mil- 
lion, so that the potash lost by the soil is 67' per cent. of that taken 
up by the crop. 
The quantity of active potash lost by the eoil is less than the quan- 
tity taken up by the crop for two reasons. 
I n  the first place, the active potash does not represent all the easily 
soluble potash, since subsequent extractions will remove additional 
quantities. Further, some of the active potash represents difficultly in- 
soluble potash compounds. (See Bulletin 145 of this Station.) 
I n  the second place, a portion of the potash taken up  by plants 
comes from the insoluble potash. (Bulletin 145.) 
Thus with a large amount of active potash in the soil, a great pro- 
portion of the potash taken up by the plant comes from it. Also the 
crop contains more potash, and the active potash rapidly decreases. 
The potash lost from the soil is thus a high percentage of that re- 
moved by the crop. This may be seen, for example, with Soil No. 4599, 
TabIe 41, 
With a small amount of active potash in the soil, a larger propor- 
tion of the potash removed from the crop comes from the insoluble 
potash. The soil after continued cropping may lose practically all i t s  
active potash, and the potash taken up  by the crops then comes from 
the insoluble potash compounds. This condition has probably been 
reached by most of the soils used in this experiment, and the quantity 
of active potash at  the end of the experiment proabably represents, in 
most cases, the potash, dissolved by the acid solvent from the insoluble 
potash. 
PREPARATI'ON O F  SUGAR HUMUS. 
As a quantity of sugar humus was needed in  the work just described, 
and the literature available gave no description of the method to be 
used, we made some study of the method. 
To ascertain the conditions which give the best yield of humus from 
sugar, the following experiments were undertaken. Varying conditions 
were studied as described below. 
Three grams of commercial granulated sugar were used in every in- 
stance. The sugar with the desired amount of acid of the required 
strength mas introduced into a 200 c.c. Erlenmeyer flask fitted with a 
reflus condenser and digested in a boiling water bath for the desired 
time. 
Hydrochloric and sulphuric acids were used, as i t  is not desired to 
risk contamination of the humus by nitric acid. The different con- 
centrations were made by.dilution of a 10 per cent. solution prepared 
by titration. 
After digestion, the humus was filtered on a weighed gooch, washed 
four times with water, and dried in  a water oven to constant weight. 
241A TABLE 48. EFFECT OF TIME. 
Time of Strength of Acid. Per Cent 
Sugar Used. I Digestion. 1 Volume of Acid. I (Per Cent.) 1 of Humus. 
3 grams 1 hour 50 C.C. HCI 
3 grams 2 hours 50 C.C. HCI 
3 grams 1 5 hours 1 50 C.C. HCI 1 
3 grams 10 hours 50 C.C. HC1 
3 grams 20 hours 50 C.C. HC1 
241B TABLE 49. STRENGTH OF ACID. 
Per Cent 













Volume of Acid. 
50 C.C. HCI 
50 C.C. HCI 
50 C.C. H2S04 
50 C.C. HC1 
50 C.C. HCI 
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241C TABLE 50. RATIO OF ACID TO SUGAR. 
The following method of preparation was adopted: Weigh 400 
grams of sugar in a flask, add 2000 c.c. concentrated hydrochloric acid, 
and heat two hours in a boiling water bath. Then dilute with cold 







Analytical and other work in connection with this bulletin has, been 
clone bv Messrs. S. E. Aslnury, J. B. Kelly, J. B. Ralther, J. T. ,4uten, 
AT. C. Hamner, T. L. Ogier, and perhaps other members of the staff. 








1. These experiments were desiknecl to ascertain the effect of car- 
A supplementary experiment mas made with concentrated hydro- 
chloric acid in the same manner as 241A to test the effect of time of 
digestion for the formation of humus. 
241A TABLE 51. EFFECT OF TIME. 
bonate of lime -and other add i t ions-~~on  the potash removed by crops 
upon eleven soils during several years. 
Volume of Acid. 
30 c.c. HCI 
50 c.c. HC1 
100 c.c. HC1 
200 C.C. HCI 






2 .  Gains of potash sue to the  addition of carbonate of lime or or- 
genic matter are comparatively small and probably come from the in- 
soluble potash of the soil. 
3. 'The active potash of the soil needs no addition of carbonate of 
linie, as i t  is already highly available. 
4. Sulphate of soda and gypsum are often injurious. 
5 .  Plants take up an excess of potash. The percentage of potash 
-in the plants decreases as the amount of active potash in the soil de- 
creases. 
6. Additions of carbonate of lime did not increase the quantity of 
active potash remaining in the soil at the end of the experiments. 
















Volume of Acid. 
50 c.c. HCI 
50 c.c. HC1 
50 C.C. HCI 
50 C.C. HCl 
50 C.C. HCI 







28.70 28.05 28.88 30.07 
39.74 
ON. 
Y. The quantity of active potash lost is 60 to 90 per cent. of that 
taken up by the crop, until the active potash is reduced so that the 
potash removed actually comes from insoluble potash co~npounds and 
not from the active potash. . 
8. Active potash may be readily and rapidly removed by crops down 
t o  the quantity' representing the potash from highly insoluble com- 
pounds. 
9. Additions of sulphate of lime, nitrate of soda, or other salts 
have no such effect upon rendering potash available to plants as has 
been claimed. They would have only a slight effect. 
10. Conditions affecting the yield of sugar humus are studied, and 
a method for preparing it  is described. 
